Background Health systems worldwide are facing shortages in health professional workforce. Several studies have demonstrated the direct correlation between the availability of health workers, coverage of health services, and population health outcomes. To address this shortage, online eLearning is increasingly being adopted in health professionals' education. To inform policy-making, in online eLearning, we need to determine its effectiveness.
Health care workers are central to any health system; their activities are aimed at enhancing the health of the community, nation or region in general. However, these professionals are distributed unevenly across the globe; countries with lower relative need have the highest numbers of health workers, while those with the greatest burden of disease have a much smaller health workforce. The health worker crisis is at its worst in sub-Saharan Africa and Asia. Incidentally, countries in this region are facing a double burden of both infectious and non-communicable diseases [1] , and they lack the funds, technology, infrastructure and trained health workers needed to provide basic health care service [2] . At this juncture; the WHO estimates a shortage of 7.2 million doctors, nurses, midwives and other health care professionals worldwide [3] . Addressing this shortfall in health care professionals through training requires a substantial investment.
Meanwhile, the Internet and the development of information technologies have revitalized the exchange of information and training worldwide. Consequently, eLearning is used increasingly in medical and health professional education, to tackle the global shortage of health workers. eLearning is "an approach to teaching and learning, representing all or part of the educational model applied, that is based on the use of electronic media and devices as tools for improving access to training, communication and interaction and that facilitates the adoption of new ways of understanding and developing learning" [4] . It does not only differ from traditional learning (ie, face-to-face learning that takes place in a classroom environment) in the medium by which learning is delivered [5] , but also affects the teaching and learning approaches used. eLearning can take the form of a full eLearning approach, which is entirely driven by technology, or be a mix of the traditional and fully computer-based methodologies (blended learning). Blended learning might be more suitable for health care training because of the need to combine hands-on skillsbased training at a practical level as well as self-directed learning [6] [7] [8] [9] [10] .
Lately, eLearning has started to make way into the developing countries and is believed to have huge potential for governments struggling to meet a growing demand for education while facing an escalating shortage of teachers [11] . However, in both the developing and non-developing countries, network connectivity and bandwidth availability are the key obstacles to the effective delivery of online eLearning [5, 12] . Despite this, eLearning presents many opportunities for universities, including the reduction of the delivery costs [13] , increased scalability [14] , improved access and availability by removing geographical and temporal barriers and allowing access to relevant experts and novel curricula [15] .
Online eLearning represents a further evolution of computer-assisted or computer based or offline eLearning and is an important tool in medical training and may transform the way medicine is taught [16] . In the recent years, nearly all medical schools in the USA and Canada employ online course materials [17] . eLearning could be full or blended, full eLearning can be distributed geographically and/or temporally, and communication between student and teacher is handled electronically. This manuscript focuses on online eLearning; systematic review of offline eLearning is published in a parallel article [18] .
Online eLearning approaches varied widely in configuration (tutorial, asynchronous discussion, live conferencing, etc.), instructional methods (eg, practice exercises, cognitive interactivity) and presentation [17] . The majority of reviews of effectiveness of online eLearning included observational studies with several methodological deficiencies [16, 17, [19] [20] [21] [22] . This systematic review aims to evaluate the effectiveness of online eLearning from randomised controlled trials conducted among undergraduate health professionals, specifically looking at its impact on students' knowledge, skills, attitudes and satisfaction.
METHODS
We conducted a systematic review following the Cochrane methodology [23] .
Search methods for identification of studies
Electronic searches. We limited our electronic searches to records published on or after the year 2000 in order to highlight recent developments. We developed a search strategy for MEDLINE (OvidSP) using a combination of keywords and MeSH terms that captured the types of intervention and the types of participants under evaluation in this systematic review ( Table 1) . We adapted the search strategy for use in EMBASE (OvidSP), PsycINFO (Ovid SP), Cochrane Central Register of Controlled Trials (CEN-TRAL), Web of Science, and Educational Resources Information Center (ERIC) (ProQuest). Where available, we used validated methodological filters to limit our searches to Randomised Controlled Trials (RCTs) and cluster RCTs (cRCTs). We ran the searches in August 2013.
Searching other resources.
We checked reference lists of the included studies and systematic reviews of the literature identified by our electronic searches for additional studies.
Inclusion criteria
Types of studies and participants. We included studies published in any language on students of (i) undergraduate, health-related university degrees; or (ii) basic, health-related vocational training programmes. We defined undergraduate education or basic vocational training as any type of study leading to a qualification that: (i) is recognised by the relevant governmental or professional bodies of the country where the studies were conducted; and (ii) entitles the qualification-holder to apply for entry level positions in the health care workforce. For this reason, graduate medical education courses from the USA were included.
We considered studies on candidates for and holders of the qualifications listed in the Health Field of Education and Training of the International Standard Classification of Education (ISCED-F) [24] , except studies on students of traditional and complementary medicine. We hence included students reading dental studies, medicine, nursing and midwifery, medical diagnostic and treatment technology, therapy and rehabilitation, or pharmacy. Medicine and dentistry were classified under the umbrella term allied health professions.
Types of intervention.
First, we conducted a systematic mapping of the types of technologies used by the included studies to deliver the learning materials, through which we identified 6 broad categories of eLearning interventions, based on the technologies employed: (1) Offline computer-based eLearning, (2) Online and local area networkbased eLearning, (3) Psychomotor skills trainer, (4) Virtual reality environments, (5) Digital game-based learning and (6) mLearning. We allocated each included study to the category that fitted the study best. Please refer to Online Supplementary Document for a definition of these categories.
We only included studies in which online eLearning interventions were used to deliver the learning content, studies were categorized as online eLearning if the delivery of the learning content was done through the internet or intranet connections. Only studies that compared online eLearning or blended eLearning methods to: (i) traditional learning; (ii) an alternative eLearning or blended learning method; or (iii) no intervention was eligible for inclusion. These studies could either be studies where eLearning was the sole means by which the intervention was delivered or where eLearning was part of a complex, multi-component intervention.
Types of outcome measures. To be eligible for inclusion, studies had to report at least 1 of the following primary or secondary outcomes.
Primary outcomes: (1) Students' knowledge, measured using any validated or non-validated instrument (eg, preand post-test scores, grades, perceived knowledge survey scores); (2) Students' skills, measured using any validated or non-validated instrument (eg, pre-and post-test scores, time to perform a procedure, number of errors made whilst performing a procedure, perceived up-skilling); (3) Students' satisfaction and attitudes towards eLearning, measured using any validated or non-validated instrument (eg, self-efficacy, satisfaction, acceptability).
Secondary outcomes: (1) Health economic properties of the interventions (eg, implementation cost, return on investment); (2) Adverse and/or unintended effects of eLearning (eg, potential feelings of depression and loneliness, dropout risks [25] and "computer anxiety" [26] ).
We only considered studies to have measured students' satisfaction and attitudes towards eLearning if they met all of the following criteria: (i) they compared the differences be- tween intervention and control groups for these outcomes; (ii) the content of the survey questionnaires related to the teaching method (ie, eLearning method, blended learning, or traditional learning); and (iii) the adjectives used in the survey questionnaires accurately described attitudes and/ or satisfaction.
Study selection and data collection
The study selection process is summarised in the PRISMA flow diagram (Figure 1) . In brief, we screened the titles and abstracts of the citations identified by our electronic and manual searches to identify potentially relevant studies, of which we assessed the full-text report to ensure they meet the inclusion criteria we specified. Review authors completed these tasks independently and met to compare their results and reach consensus.
Every selected study was allocated to a pair of review authors, with 10 review authors participating in total. Each review author independently extracted data from the included studies using the structured data extraction sheet shown in Online Supplementary Document.
Each pair of reviewers compared their completed data extraction forms and any discrepancies between review authors' results were resolved through discussion; if no agreement could be reached, a third review author acted as an arbiter. Because 10 review authors participated in the data extraction process, some categories were interpreted differently by some reviewers. Therefore, 3 reviewers went over the entire data extraction again to ensure uniformity.
We contacted authors of studies containing incomplete data to request the missing information. Some authors did not reply to our request for additional information, whilst other authors did not know the answer to our questions. For 1 study the response obtained from the author resulted in the subsequent exclusion of the study from the systematic review.
Assessment of risk of bias in included studies
During the data extraction process, we assessed the risk of bias at the outcome level using tools recommended by the Cochrane Collaboration [23] . For RCTs, we did so across the domains of (1) random sequence generation, (2) allocation concealment, (3) blinding of participants and personnel, (4) blinding of outcome assessment, (5) incomplete outcome data, (6) selective outcome reporting, and (7) other bias including the comparability of intervention and control group; characteristics at baseline; validation of outcome assessment tools; reliability of outcome measures; and protection against contamination.
We assessed the risk of bias for cRCTs across the domains of (1) recruitment bias, (2) baseline imbalances, (3) loss of clusters and (4) incorrect analysis. For each study, 2 reviewers independently categorised each domain as low, high or unclear risk of bias.
Summarising the data
We qualitatively compared the characteristics of the participants and of the interventions between the included studies to determine the feasibility of conducting a meta-analysis. Because of substantial clinical, educational, content and methodological heterogeneity we did not conduct a meta-analysis. Instead, we adopted a thematic summary approach [27] .
RESULTS
12 208 reports were identified from database screening of which 309 were retrieved for fulltext evaluation of which 207 studies met the inclusion criteria (Figure 1) . Fifty-nine articles complied with the term internet and local area network or online eLearning (see Online Supplementary Document for detailed description) and were included in the -Three studies awaiting author response, insufficient data for analysis -Two had no comparison group -One had participants that were not undergraduate students -One had an intervention that was not eLearning -One had a duplicate publication -Three had a design that was not RCT or cluster RCT analysis. One study [83] involved students in 2 consecutive RCTs that were analysed separately (Ainsworth 2012A, Ainsworth 2012B). Thus the total number of evaluated trials was 60.
Included studies
All studies were published in peer reviewed journals between 2000 and 2013 except 1 dissertation [81] . [55, 57, 81] were within the field of physical therapy, whereas 3 other studies within pharmacy [30, 31, 71] . Nine studies [29, 37, [46] [47] [48] 51, 63, 73] investigated eLearning for dentistry students. Additionally, 1 article [52] dealt with medicine, nursing, and physical therapy while the remaining study recruited university students, but did not define their discipline [81] .
Participant characteristics
The total number of participants included across all trials was 6750 participants. The study with the smallest control group had 10 participants [77] whereas the largest control group had 249 participants [55] . The study with the smallest intervention group had 10 participants [33] , while the largest intervention group had 349 participants [55] . Most studies were conducted among undergraduate university students apart from 9 studies [27, [29] [30] [31] 33, 42, 53, 54, 79] that investigated the effect of network-based eLearning for vocational training. Out of the 20 (33%) studies [30, 32, 33, 40, 45, [47] [48] [49] 52, 53, 55, 57, 64, 65, 71, 73, 75, 76, 83] that specified the age of the students, the lowest mean age of participants in a control group was 20.0 years [55] and the oldest was 30.0 years [76] . The lowest mean age in an intervention group was 19.9 years [75] and the highest was 30.0 years [76] .
Intervention characteristics
Fifty studies compared eLearning to traditional learning, and 10 studies [26, 35, 36, 45, 46, [61] [62] [63] 66 ,74] compared 1 mode of eLearning to another mode of eLearning. The duration of exposure ranged from 9.05 minutes to 9 months [83] . Most of the studies (51 out of 60,85%) were conducted exclusively in high income countries. Seven studies were conducted solely in low-to middle-income countries: 2 in Brazil [25, 26] ; 2 in China [38, 56] ; 1 in Thailand [33] ; and 2 in the Chinese Taipei [27, 42] . One study [52] was conducted simultaneously in Brazil and the USA (Figure 2 ).
The majority of the studies used a website to present the learning material to the participants as part of their intervention [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] 82, 83] . Three studies [35, 36, 47] used a spaced education intervention, ie, an intervention in which the educational exposures are spaced and repeated over time [35] . In these studies the learning material was presented via email on a regular basis [35,36, 47]. One study used video conference lectures as an intervention [67] , and 1 study used a visual concept map [81] .
Primary outcomes
Students' knowledge assessment. The knowledge gained from the exposure to the intervention was assessed in a number of different ways in the included studies. [30, 33, 63, 66] or Likert type questionnaires [29] or even "fill in the blank" questions [73] . The rest of the studies measured students' knowledge gain via other testing means including general numeracy tests [83] ; written exams [41, 46, 58, 65] ; independent observers' assessment [79] ; cognitive assessment instruments [54] ; surgical knowledge test scores [76] ; a Diagnostic Thinking Inventory and individual students' performance in solving clinical reasoning problems [38] ; a modified version of the Dartmouth Sleep Knowledge and Attitudes survey [62] ; an interactive evaluation about melanoma [26] ; an orthodontic examination form for each patient [37] ; or some form of a knowledge assessment scale or checklist [42, 52, 68] .
Students' skills assessment. Skills were evaluated in 16 studies [28] [29] [30] [32] [33] [34] 39, 42, 53, 55, 57, 63, 68, 69, 71, 72] using various methods to assess the outcome. Nine studies [33, 34, 42, 55, 63, 68, 71, 72] used a rating scale and/or checklists (eg, an OSCE) to assess clinical skills. One study [53] used a search skills test, another 1 [29] a Likert type questionnaire while 3 studies evaluated students skills through written assessments such as data collection sheets [30] , written case analysis [41] and open questions on standardised tasks [32] . Finally, 1 study [28] measured the degree of new skills acquisition by using a self-assessment report whilst another [39] measured the time that students made to complete the assigned exercise.
Students' satisfaction and attitudes towards eLearning.
Feedback from students assessed as their attitude towards the eLearning intervention was reported as an outcome in a total of 14 studies [28, 29, 32, 33, 43, 45, 48, 49, [54] [55] [56] 63, 64, 72] . In all of these, students' attitude was measured by questionnaires.
Student satisfaction was considered as an outcome in 33 studies [25,32-34,37- 
Secondary outcomes
Cost-effectiveness of the eLearning interventions.
Cost-effectiveness or cost-benefit or cost-utility of eLearning interventions were not assessed in any of the studies, however, some of the studies mentioned several financial and resource related elements of eLearning.
Buzzell et al. [54] mentioned that in the future many experts would be involved in content generation for their respective disciplines and that content could be shared online among their disciplines. Thus the online content development and delivery would not need the involvement of many faculty at all stages of content development and in turn educational institutions would be cost efficient. Stain et al. [67] mentioned that the costs of setting up videoconferencing were comparable to the costs of live lectures after an initial hardware investment of less than US$10 000. Stewart et al. [68] cited a paper saying that reduction of instructor training time, labour costs and institutional infrastructure could result in significant cost-efficiency. Toumas et al. [71] mentioned in the discussion that using the Internet leads to "reduced costs in terms of tutor-led workshops and is more efficient, enabling more complex topics to be covered in workshops". Hauer et al. [34] deduced that the video cases were cheaper than the mini-CPX (Clinical Performance Evaluation) examination they used. An in-person examination of a class of 150 students cost approximately US$ 5400, which did not yet include Clinical Skills Centre maintenance costs, costs of case development and payment of Centre staff. In contrast, plain technologies as video cases were produced at a total cost of US$ 2200. Besides, the video cases could be reused freely, whereas the in-person mini-CPX requires annual purchase of a license.
In contrast, Fleming et al. [73] mentioned that the development of web-based or Computer Assisted Instruction is expensive in terms of time and energy spent. Phadtare et al. [52] made a general comment on the potential lack of necessary infrastructure and "new" costs associated with online courses.
Adverse and/or unintended effects of eLearning. Adverse or unintended events of the eLearning intervention were not reported in any of the studies.
Excluded studies
Initially, 65 studies were categorised as online eLearning studies. We reclassified 2 studies [84, 85] as non-networked computer-based because their eLearning interventions could be fully functional even without network technologies' support. Three studies [86] [87] [88] were excluded because of insufficient data while another [35] was excluded as a duplicate paper. Seven studies [89] [90] [91] [92] [93] [94] [95] were excluded during the data extraction process, just before the analysis, because they met 1 or more of the exclusion criteria. Four of these 7 studies [91, 92, 94, 95] were excluded because their study design was not a parallel or cRCT eg, a cross-over design [94] . Two studies [89, 93] were excluded because they did not include comparison groups for the eLearning intervention eg, 2 different blended teaching methods using a common eLearning intervention in exactly the same way [93] . Finally, 1 study [90] used an eLearning intervention which was considered ineligible for our study ie, electronic voting during the lecture [90] . [47] with all the categories classified as low risk of bias (Figure 3 and 4) . Risk of bias is described in detail in the Online Supplementary Document.
Risk of bias in the included parallel RCTs

Effects of online eLearning interventions
The 60 randomized trials included in our review assessed the effectiveness of online eLearning interventions in terms of knowledge, skills, attitudes and satisfaction. The findings were based on comparisons between online eLearning and traditional learning or between various modes of online eLearning. A study may have compared more than 1 outcome between groups, and each outcome may have been assessed in multiple ways. For example, a study which compared students' acquisition of skills may have assessed skills in terms of the student' s performance on a global rating scale, the ability to perform a specific procedure, as well as the ability to comply with the requirements in a checklist. As a result, the number of comparisons made across studies for a particular outcome may exceed the number of studies which reported on that outcome. Only 2 studies [32, 33] measured all specified outcomes of knowledge, skills, attitudes and satisfaction.
The studies were split into 2 research themes evaluating the impact of eLearning interventions for undergraduate health care education: traditional learning vs online eLearning, and online eLearning vs online eLearning. [27, 30, 39] showed mixed results ie, favouring the intervention, control or neither 1 depending on the specific indicator of knowledge being assessed. In 1 (2%) study [82] knowledge was assessed but not tested for statistically significant differences between the intervention groups.
Traditional learning vs online eLearning
Finally, there were 3 studies [29, 30, 80] that demonstrated significantly higher knowledge gains for students assigned to traditional eLearning compared to those exposed to online eLearning. Two of these studies [29, 80] Of the studies that evaluated differences in skill acquisition, 6 (40%) found significantly greater skill acquisition amongst students assigned to online eLearning [33, 34, 42, 57, 71, 72] . The number of participants included in these studies ranged from 44 to 303. Two of these studies were conducted in medical students [34, 72] , 2 in nursing students [33, 42] , 1 in physiotherapy students [57] and 1 in pharmacy students [71] . Four of these studies used traditional learning as their main intervention [34, 42, 57, 71] , whereas 2 used blended learning as the main intervention [33, 72] .
Three studies (21%) did not detect a significant difference in skill acquisition between groups [39, 53, 55] . One study [30] showed mixed results ie, favouring the online eLearning or the traditional learning group depending on the specific indicator of skills being assessed. This study had 3 groups, comparing pharmacy students' knowledge and ability to assess metered-dose inhaler (MDI) after a lecture based tutorial, a web-based tutorial and being provided no teaching on the topic at all. Finally, there was 1 study [69] that demonstrated significantly higher skill gains for students assigned to traditional learning compared to those exposed to online eLearning. This study used full eLearning as the main intervention.
Students' attitudes and satisfaction. Twelve studies (24%) -10 RCTs [32, 33, 43, 48, 49, [54] [55] [56] 64, 69, 72] and 2 cRCTs [28, 29] -assessed attitudes as an outcome of the intervention through questionnaires.
Eight of these studies [29, 32, 33, 43, 49, 50, 54, 56] (67%) did not find a statistically significant difference between the 2 types of learning methods, or the study showed mixed results for online eLearning vs traditional learning depending on the test evaluated. Three studies [28, 55, 72 ] assessed attitude, but did not test for statistically significant differences between the intervention groups. None of the studies reported a significant result on student attitudes favouring online eLearning interventions.
The remaining study (8%) [64] reported more positive attitudes towards the intervention in the traditional learning groups. This study used full online eLearning as the main intervention. 
VIEWPOINTS PAPERS
Online eLearning for undergraduates in health professions: A systematic review Student satisfaction was assessed in 28 RCTs [25, [32] [33] [34] [37] [38] [39] [40] [41] 43, 47, 48, [50] [51] [52] 55, 57, 59, 60, 64, 65, 68, 69, 73, 75, 76, 80, 82] and 1 cRCT [58] .
Out of 29 studies looking at the level of student satisfaction, 4 [34, 52, 60, 65] (14%) found a significantly greater proportion of students exposed to online eLearning who were satisfied compared to those exposed to traditional learning. One of these 4 studies [60] compared blended learning with traditional learning, whilst the other 3 [34, 52, 65] used full eLearning interventions compared with traditional learning ones. Twenty studies (74%) did not detect any significant difference [32, 33, [37] [38] [39] [40] [41] 43, 47, 48, 51, 57, 58, 64, 68, [74] [75] [76] 80, 82] while in 4 studies satisfaction was assessed [25, 50, 55, 59] but not tested for statistically significant differences between the intervention groups.
There was 1 study [69] using full online eLearning as the main intervention that reported a statistically significant better student satisfaction in the traditional learning group.
Comparison of different types of eLearning against each other
Ten (18%) of the included studies [26, 35, 36, 45, 46, [61] [62] [63] 66, 74] compared the effectiveness of various modes of online eLearning against each other. Eight of these studies [26, 35, 45, 46, [61] [62] [63] 74 ] compared groups of eLearning with different levels of student interaction. In 2 of them "interactivity" was also facilitated by collaborative tools, ie, online web chats [74] and discussion forums and online message systems [61] .
Students' knowledge. All of the 10 studies [26, 35, 36, 45, 46, [61] [62] [63] 66, 74] comparing various forms of online eLearning measured and reported their effects on knowledge.
Five studies observed a difference in results between different modalities of eLearning. In a study comparing an adaptive form of spaced education against a linear, repetitive one [36] , the adaptive eLearning intervention showed better results than its "passive" form. Another study showing significant knowledge acquisition for an "active" eLearning intervention was Chao et al [26] where a linear educational environment (website) supported by complementary information (skin anatomy images) which users could access at will was compared to a non modified website. Similarly, in 1 study [63] an eLearning intervention, allowing students to play a video back and forth at their will showed better knowledge gains in comparison to an eLearning intervention where the procedure was linear. In a study [61] on a "passive" type of eLearning, offering course material through conventional World Wide Web technology and by letting students engage with the instructor only by email resulted in higher knowledge gains in comparison to an interactive eLearning intervention where students could make use of all the learning tools of the Web CT (online proprietary virtual learning environment system) [61] . A "passive" eLearning intervention showed favourable results also for Salas et al [62] . In this study, participants in the "passive" eLearning group were solely provided with a list of random sleep facts and trivia presented in a PowerPoint format. The "active" eLearning intervention consisted of an online, self-paced, sleep medicine learning module.
Non statistical significant differences were found in 4 studies [35, 45, 66, 74] comparing different online eLearning modalities. One study showed no difference in knowledge acquisition between eLearning modes [46] .
Students' skills. Skill acquisition was assessed in 1 study [63] . This study showed no significant differences in skills acquisition between the 2 different (active vs passive) eLearning modalities.
Students' attitudes and satisfaction. Manikam et al. [45] and Schittek Janda et al. [63] were the only studies amongst the 10 studies comparing different eLearning modalities that assessed attitude. The study by Manikam et al showed no difference in students' attitudes between the 2 eLearning modes. In this study a dummy learning package was compared to the ABD learning package, ie, symptom-based decision-making pathways software. Schittek Janda et al. reported no significant differences in skills acquisition between the 2 different (active vs passive) eLearning modalities.
Four (40%) studies [46, 61, 66, 74] compared the effects of different eLearning modes on student satisfaction. Two studies [46, 61] showed no difference in students' satisfaction for the 2 eLearning modes. Frith et al. [74] reported that students in the group that used collaboratively a 6-week Web-based course on cardiac rhythm interpretation supported by online chat software were more satisfied than students in the group who worked on the same course independently. In the study by Spickard et al. [66] students in the groups of the online lecture of power point slide presentation with audio narration were more satisfied than students in the group of the online lecture of power point slide presentation without audio narration.
DISCUSSION
Summary of main results
This systematic review reports on the effectiveness of online eLearning for undergraduates in health professions. We found that online eLearning does lead to changes in knowledge, skills, attitude and satisfaction and seems to be more effective than traditional learning in terms of knowledge and skills gained. Our findings are similar to previous reviews of online eLearning [21, 22, [96] [97] [98] [99] [100] and offline eLearning [18] .
In our review, 29% of the studies showed significantly higher knowledge gains, 40% of the studies showed significantly greater skill acquisition, 67% of the studies showed no difference in attitude and 14% of the studies showed higher satisfaction with online eLearning than traditional learning. The participants in the included studies were from the fields of medicine, dentistry, pharmacy or medical allied studies enrolled at universities, with a smaller number conducted at vocational training centres or colleges. Consequently, the results of this systematic review apply to students from similar disciplines, universities and colleges. The majority of the studies were conducted in high-income countries with exception of few [25, 26, 33, 38, 42, 52, 56, 101] which were from low to middle income countries, hence these results are generalizable only to their corresponding settings.
The studies included in our review had a high degree of methodological, educational and clinical heterogeneity, similar to previous reports [21, 22, [96] [97] [98] [99] [100] . Knowledge assessment was, for example, conducted using different test items or questions [31, 70] , written case analyses [41] , MCQs [49, 51, 56, 60, 72, 77 ] the Six-subgroup Quality Scale (SSQS) [52] , a general numeracy test [83] and independent assessments. Similarly, there was variability in the assessment of skills, attitudes and satisfaction across the studies. Hence pooling of effect estimates was not possible. Mode of online interventions varied across the studies, most of the studies used a website, while some used other interventions such as spaced education, video lectures or visual concept map. Furthermore, there were great variations in exposure time to the eLearning intervention. Financial and resource related elements of eLearning was reported only in 8 studies [34, 52, 54, 59, 67, 68, 71, 73] . Nevertheless, none of the studies included a robust costeffectiveness analysis of eLearning vs traditional learning and therefore it is not possible to provide an assessment on cost-effectiveness of online eLearning. Furthermore, no studies reported on the adverse effects of online eLearning.
The overall quality of evidence included in this systematic review is not uniform and contains a significant number of studies with methodological weaknesses with only 1 high quality study [48] ; similar findings were reported in previous reviews. [16, 19, 20, 22, 102, 103] Most of the included studies did not adhere to the CONSORT guidelines for reporting of RCTs [104] and thus their risk of bias was unclear. Several of the included studies had high risk of bias due to volunteer [49, 51, 57, 60, 72, 74, 83] and attrition bias. [34, 41, 70, 72, 79] . Due to the weaknesses of most of the included studies a strong conclusion on whether there is a clear difference between online eLearning and traditional learning effectiveness that applies to the general population of learners cannot be drawn.
Our study has many strengths. The review was based on a thorough search of available literature which identified a large number of potentially eligible studies identified and synthesized by a multi-disciplinary international team and it offers a number of advantages over previous work in this area. The key strength is an attempt to combine breadth of scope in terms of widely defining eLearning and the range of health professions covered. The review encompasses all empirical studies (RCTs). To ensure data quality, article screening and data extraction was done independently by 2 persons to avoid subjective bias, disagreements were resolved through discussion. The review included studies from both developed and developing countries and thus provides crucial information on the usage, effectiveness and applicability of online eLearning in these settings. Finally, the review used standard methods for systematic reviews and meta-analyses in accordance with preferred reporting items for systematic reviews and meta-analyses (PRISMA) which makes it transparent.
The review had a few limitations. The included studies had several methodological rudiments, we contacted the authors to obtain necessary information for assessing the risk of bias for these studies, however due to time constraints, and it was not possible to contact all authors. Moreover, due to the lack of a uniform, standardized terminology for eLearning studies, we categorized studies as online eLearning (ie, local area network or web-based) and offline eLearning (ie, non-networked or computer based). Although we assigned each individual study to only 1 category, it is important to highlight that there might be some degree of overlap between categories as 1 form of technology may be built on another one.
In summary, this systematic review compares online eLearning and traditional learning in undergraduate healthrelated students and consolidates current knowledge on the effectiveness of online eLearning. The evidence from the highest and the lowest quality studies indicates that online eLearning is equivalent to and perhaps even more effective than traditional learning in terms of knowledge and skills gained. The generalization of these findings is limited only to the studied population in the review.
Online learning' s ubiquity provides a convenient and possibly a more cost-effective alternative to traditional learning and has great potential in supporting health care workforce capacity building and competency development globally. This review highlights the need for improvements in the methodological design in future studies.
Implications for policy makers
The findings of this review present a potential incentive for policy makers to encourage adoption and the development of online eLearning programs. These online eLearning pro-grams could be useful in training health care professionals in countries with acute health care worker shortage, without substantial investments. These online technologies if adopted earlier could help lower the burden of diseases by increasing the health care professional per capita. Though adoption of these online technologies would involve some initial start-up cost, it would be largely beneficial as the potential for the return on investment is high in terms of health gains and lives saved.
Implications for educational institutions
Online eLearning offers many opportunities. This review shows that eLearning is as effective as the traditional learning and with many advantages compared to traditional learning. The universities could adopt these technologies and could reach out to a wider audience within and outside their country, thus offering a tremendous growth opportunity for the educational institutions. Institutions could employ online eLearning to train their health workforce without having to spend for their travel elsewhere within or outside their countries.
Implications for future research
The findings of the review have many implications for research. Future evaluations of online eLearning should aim to answer many remaining research questions from intervention design features to setting or modality for online eLearning, and build cost-effectiveness models. We should especially aim to strengthen the evidence base for developing countries.
